UNCLASSIFIED 


_ AD  NUMBER _ 

AD456902 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative/Operational  Use;  JAN  1961.  Other 
requests  shall  be  referred  to  Office  of  Naval 
Research,  Washington,  DC  20360. 


_ AUTHORITY 

onr  ltr  28  jul  1977 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


UNCLASSIFIED 

4  5  69  0  2 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CA»M*0*  SU1ION  MfUNQRU  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  what soever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


.PRINCETON  UMV 


fj.  J. 


'SCHOOL  Ol-1  KNGINLKRINc/'IOWK: 


HM&W" 


a/"  ci  /^p  p  li  edl  Sti'enCC-, 


<M 


|i  r  Proi'I  i  >ion  Ri  <i  arui  Proi  rwi 
1)1  l‘ \R  I  \!  I  N  I  Ol  \l  RON  U  IK  M.  K.S  f  .1  M.  I  Rl  Ml 
llll  J  \  M  I  1  ORRI  I  \L  Rl  SHRl'II  Cl  M  I  R 


Q 


7  Jan. 


0> 

CD 

lO 

^1 


D i rector 

Advanced  Research  Projects  Agency 
Room  3E -  I  83 
The  Pentagon 
^^Wash  i  ngton  25,  D.  C. 

"  1  '  ^’Tarter  I  y  ^ett 


on  0 


o 

o 


f)0> 


3j  I 


er  Repart,, 


IfF  = 

j.j  kb  mm 

UUliitSi Stf  U  rirfJI 

I  -  3o  SI^A  Bo> 


>+-Hbw—  I050(M) 


(To)  6  y  fl'tofit  rt  St,//?,  ,>>  e  >■  ■{?&  /q/. 
Order -Ate.  i  It3»  T«#Mt4^A±eEsd5:brEtec ember*  ■Wfrt' 

6l0j  /)  RPM  OrJef  dlj  £<f  Rr»- j  bMii>  UH«yn»;rnrgpiriii  iw  I"  (  i  ak<*~ 

wSku»m» *mm  Uw  i  ibkbt'»7  /Tn — _ w»  ■!■  8000 - - 


9ow*-i-i  Batai 


iJimJ  wnirtM>> 


CD 

O  CZ) 


Aiwt 


Solid  Propellant  Burning. 
C^p  (>«■*-  C<xse) 


Gent  I emen; 

This  report  summarizes  the  status  of  our  work  on  six  technical  research 
topics  (TABLE  I),  plus  the  status  of  construction  of  a  specialized  Solid  Pro¬ 
pel  I  ant  Process ing  Building  for  use  in  conjunct  ion  with  this  and  other  solid  pro¬ 
pellant  researches.  The  period  covered  Is  from  |  July  through  30  September  I960. 


TECHNICAL  STATUS 

The  status  of  research  on  the  six  topics  of  TABLE  I  follows: 


Topics  I  and  2  -  No  new  results  to  report. 

Topic  3  -  Measurement  of  the  total  emissive  power  of  the  flame  zone  of 
two  propellants  during  actual  motor  firings  in  the  pressure  range  100  to  300  ps i 
yielded  values  whose  magnitudes  suggest  that  the  flame  zone  (in  this  pressure 
region)  Is  indeed  a  diffusion  flame,  and  in  accordance  with  diffusion  flame  theory 
burns  at  approximately  the  stoichiometric  ratio  regardless  of  the  final,  overall 
stoichiometry.  In  other  words,  there  appear  to  be  certain  localized  regions  of  the 
flame  in  which  the  temperature  exceeds  the  theoretical  overall  flame  temperature 
of  the  propellant.  (The  propellant  used  contained  no  metal  additive.) 
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A  discrepancy  between  the  values  of  radiative  emissive  power  measured 
burning  strands  and  values  of  the  same  quantity  measured  in  the  firing  rocket 
was  resolved  by  a  critical  experiment  which  demonstrated  the  presence  of 
attenuation  in  the  strand  experiments.  These  radiation  experiments  are  more 
reported  in  the  Project  SQUID  Semi-Annual  Report  covering  the  period 


T 


2. 


I  April  1959  to  30  September  I960. 

Topics  4  and  5  -  Further  study  of  the  burning  rate  "plateau"  which  was 
encountered  with  polysulfide  propellants  containing  65*  of  fine  unimodal  amTOnium 
perchlorate  revealed  that  the  plateau  is  dependent  on  oxidizer  loading,  and  is  no 
longer  present  at  10%  loading.  It  also  appears  to  be  related  to  the  flame  extin¬ 
guishment  phenomenon  of  Topic  5,  since  lowering  the  oxidizer  Ipvel  to  b0%  pro¬ 
duces  a  propellant  in  which  the  beginning  of  plateau  burning  is  observed  as  the 

P/nn5Ure  IS  lncreaiecl  +°  abou+  300  psi,  but  which  undergoes  extinguishment 
above  400  psi.  Apparently  plateau  burning  and  extinguishment  are  related  +o  one 

?n°ther'l  'mpl!Ca+lons  of  such  a  relationship  relative  to  the  burning  mechanism 
m  the  plateau  region  are  not  immediately  apparent;  but  deserve  and  are  receiving 
careful  thought.  "a 


Topic  6  -  Still  inactive. 

i  ^  •  "^e  Propellant  Processing  Building  is  now  complete  and  beinq 

placed  in  service.  Photographs  of  the  building  are  appended. 

MA  JOR  ACCOMPLISHMENTS 

During  the  past  quarter  these  have  included: 

I.  Completion  of  the  new  Solid  Propellant  Processing  Building. 

2  Discovery  from  radiation  measurements  performed  on  certain  proDel- 
lant  compositions  that,  for  the  pressure  range  of  100  to  300  psi,  localized  por¬ 
tions  of  the  gaseous  flame  seem  to  exhibit  temperatures  greater  than  the  theoretical 
flame  temperature.  Such  a  situation  is  typical  of  a  diffusion  flame. 

hn  r-  I  +’h  D'SCOvery  +ha+  "flame  extinguishment"  and  "plateau  burning"  seem 
to  be  related  phenomena  for  the  types  of  propellants  we  are  studying. 

PROBLEMS 


No  major  ones  at  present. 

FUTURE  PLANS 

With  the  close  of  the  quarter  covered  by  this  report  our  contract 
w!  h  roject  SQUID  on  the  topic  "Radiation  from  Solid  Propellant  Flames"  has 

expired  We  do  not  plan  any  further  work  on  radiation  measurement  at  the 
present  time.  * 
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3. 


The  work  on  particle  size  wilt  continue,  with  emphasis  on  (I)  the 
plateau  region,  (2)  a  complete  survey  at  a  higher  oxidizer  level  than  65 %,  and 
(3)  if  possible  an  examination  of  the  parameter — ease  of  pyrolysis  of  the 
binder--and  its  influence  on  the  effect  of  particle  size, 

ACTION  REQUIRED  BY  ARPA 

None. 


Very  truly  yours. 


'Tn  J< 


n  \  r  ■> 


Martin  Summerfield 
Professor  of  Jet  Propulsion 
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Enel:  Photographs  of  Solid  Propellant  Building 


TABLF  I 

TECHNICAL  TOPICS  INCLUDED  IN  CONTRACT 


1.  a  more  detailed  experimental  evaluation  of  Professor  cumnorfield' 
recently  developed  "granular  diffusion  flame'  theory  for  the  "ur 
rate  of  ammonium  perchlorate  propellants. 

2.  An  attempt  to  verify  experimentally  the  theoretically  pr  dieted 

effects  of  oxidizer  particle  size  on  the  burning  rates  of  such  propellant:  . 
using  the  widest  obtainable  range  of  sizes. 

3.  Refinement  of  the  granular  diffusion  flame  theory  to  include  tht  ffects 
of  radiation  as  a  mechanism  of  energy  feed-back,  and  to  include  also  the 
effect  of  changes  in  the  propellant  surface  temperature  due  to  catalysis, 
or  to  changes  in  fuel  binder  decomposition  properties. 

4  Experimental  studies  of  the  flame  zone  of  unusual  propellants,  such  as 
those  containing  metal  additives,  and/or  those  exhibiting  marked  discontlnui 
ties  In  the  pressure-burning  rate  curve  (e.g.  "plateau"  propellants). 

5  A  more  detailed  study  of  the  phenomenon  of  flame  extinguishment  in  thin 
propellant  strands,  both  for  its  fundamental  connection  w.th  steady  state 
ourning  and  for  the  possibility  of  its  practical  utilization. 

6.  Examination  of  other  oxidizers,  such  as  ammonium  nitrate,  or  possibly 
lithium  perchlorate. 
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